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SYNCHRONIZING POSITION DETECTING CIRCUIT 

BACKGROUND OF THE INVENTION 
The present invention relates to a synchronizing 
position detecting circuit that detects a received signal 
repeating a prescribed code to output a synchronizing 
position of the received signal and^ in particular, relates 
to a synchronizing position detecting circuit suitable for a 
CDMA (Code Division Multiple Access) mobile station receiving 
device that carries out intermittent reception. 

In the CDMA mobile communication system, for example, 
a base station multiplies an information signal by a 
spreading code and transmits it to a mobile station, while 
the mobile station demodulates the information signal by 
producing a spreading code having the same pattern and phase 
as those of the spreading code of the base station and 
multiplying the signal received from the base station by the 
produced spreading code (despreading) , so that it is 
necessary for the mobile station to acquire phase information 
of the spreading code of the base station. On the other hand 
depending on the mobile communication system, an intermittent 
reception system is employed wherein a mobile station 
performs reception processing only during a reception term 
and stops the reception processing during a waiting time 
(sleep time) for the purpose of reducing power consumption in 
the mobile station. 

However, in the mobile station in the mobile 
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communication system employing the intermittent reception 
system, since the reception processing is once stopped during 
the sleep time, it is impossible to track the phase of the 
spreading code of the base station during the sleep time, and 
5 thus it is difficult to immediately produce a spreading code 
in phase with the spreading code of the base station at the 
start of the next reception term. Therefore, for example, 
the mobile station, before starting the next reception term, 
receives a pilot signal transmitted from the base station, 

10 acquires a synchronizing position of the spreading code of 
the base station based on the phase information of the 
spreading code of the base station included in the pilot 
signal, and matches the phase of a spreading code produced by 
a spreading code generator with the phase of the spreading 

15 code of the base station based on the acquired synchronizing 
position, thereby to implement the normal reception 
processing from the start of the reception term. 

In this case, in the mobile station, a synchronizing 
code generator produces a spreading code (synchronizing code) 

20 having the same pattern as that of the pilot signal for the 
purpose of detecting the pilot signal. However, since a 
slight error exists in the normal synchronizing code 
generator, the phase of the spreading code produced by the 
synchronizing code generator deviates from the correct phase 

25 with a lapse of the sleep time, for example. Thus, the pilot 
signal can not be captured after the lapse of the sleep time. 
Accordingly, the mobile station calculates a correlation 
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function between the pilot signal and the synchronizing code 
while shifting the phase of the synchronizing code produced 
in the synchronizing code generator by a prescribed chip 
width within a prescribed phase range, and derives a position 
5 where the correlation function becomes maximum, thereby to 
detect the pilot signal and determine a synchronizing 
position of the. pilot signal. 

When detecting the pilot signal, it is desirable 
that the synchronizing code phase shifting range (window) be 

10 set as narrow as possible in terms of reduction in cost and 

power consumption of the receiving device. Therefore, taking 
into account that the magnitude of the phase shift of the 
synchronizing code due to the error of the synchronizing code 
generator is determined by the length of the sleep time, the 

15 window size is set depending on the period of the 

intermittent reception (e:g. see JP-A-Hll-27180, pages 3-5 
and Fig. 4) . 

In the foregoing pilot signal capturing circuit 
(synchronizing position detecting circuit) , however, there . 

20 has been a problem that since the window size is set only 

taking into account the* phase shift of the synchronizing code 
based on the error of the synchronizing code generator, it 
can not deal with a phase shift of the synchronizing code 
caused by a change in distance between the base station and 

25 the mobile station due to movement of the mobile station 
during the sleep time, and thus there are those instances 
where the pilot signal can not be detected within the set 
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window. 

SUMMARY OF THE INVENTION 
The present invention may provide a synchronizing 
5 position detecting circuit for setting a window size that can 
securely capture a pilot signal even when a distance between 
a base station and a mobile station changes due to movement 
of the mobile station during a sleep time. 

The synchronizing position detecting circuit 

10 according to the present invention includes a window size 

determining circuit, a synchronizing code generating- circuit, 
a correlation circuit and a synchronizing position 
determining circuit. The window size determining circuit 
calculates a moved distance of a mobile station during a 

15 sleep time based on a moving speed and the sleep time and_ 
selects a window size based on a phase change of a distance 
signal corresponding to the moved distance. The code 
generating circuit repeatedly produces a synchronizing code 
that coincides with a part of a code of the distance signal 

20 and successively shifts a phase of the synchronizing code by 
a predetermined phase width so as to shift the window. size. 
The correlation circuit calculates a correlation function 
between the synchronizing code and the distance signal. The 
position determining circuit determines a correlation 

25 function having a maximum value to detect the distance signal 
and outputs a synchronizing position signal representing a 
detecting position. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a structural diagram showing a first 
preferred embodiment of a synchronizing position detecting 
5 circuit according to the present inventions- 
Fig. 2 is a structural diagram showing a second 
preferred embodiment of a synchronizing position detecting 
circuit according to the present invention; and 

Fig. 3 is an explanatory diagram for explaining an 
10 operation of a moved distance estimating circuit in the 

synchronizing position detecting circuit shown in Fig. 2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, preferred embodiments of synchronizing position 

15 detecting circuits according to the present invention will be 
described in detail with reference to the accompanying 
drawings. Fig. 1 is a structural diagram showing the first 
embodiment of the synchronizing position detecting circuit 
according to the present invention. This synchronizing 

20 position detecting circuit is used, for example, in a 

receiving device, which performs intermittent reception, of a 
mobile station in a CDMA mobile communication system, and is 
particularly suitable for employment in a receiving device of 
a mobile station that moves on a straight line connecting 

25 between a base station and the mobile station or on a 
prolongation of that straight line . 

As shown in Fig. 1, the synchronizing position 
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detecting circuit of this embodiment comprises a correlation 
circuit 10, a synchronizing position determining circuit 12, 
a synchronizing code generating circuit 14 and a window size 
determining circuit 16. The synchronizing position 
5. determining circuit 12 and the synchronizing code generating 
circuit 14 are connected to the correlation circuit 10, while, 
the window size determining circuit 16 is connected to the 
synchronizing code generating circuit 14. A received signal 
100 repeating a prescribed code is inputted into the 

10 correlation circuit 10 from the exterior, while a sleep time 
110 being a waiting time in intermittent reception and a 
moving speed 112 of a movable body with the mobile station 
installed therein are inputted into the window size 
determining circuit 16. In Fig. 1, reference symbols 

15 assigned to connection lines represent signals that appear in 
the corresponding connection lines, respectively. 

When a synchronizing code 102 is fed from the 
synchronizing code generating circuit 14, the correlation 
circuit 10 calculates a correlation function between the 

20 received signal 100 and the synchronizing code 102 and 

outputs a correlation value 104 representing the calculated 
correlation function to the synchronizing position 
determining circuit 12 . The synchronizing position 
determining circuit 12 detects the received signal 100 by 

25 deriving a correlation value representing the maximum value 
among correlation values 104 calculated by the correlation 
circuit 10, and outputs a synchronizing position signal 106 
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representing a detecting position (synchronizing position) of" 
the received signal 100. It may also be configured that the 
synchronizing position determining circuit 12 compares the 
correlation value 104 outputted from the correlation circuit 
5 10 with a predetermined threshold value and judges that the 
received signal 100 has been detected when the correlation 
value 104 exceeds the threshold value. 

The synchronizing code generating circuit 14 
comprises a synchronizing code generator that repeatedly 

10 produces a synchronizing code whose code pattern is the same 
as that of the received signal 100 or a synchronizing code 
whose code pattern agrees with part of a code pattern of the 
received signal .100, and phase control means that controls 
the phase of the synchronizing code generator. The 

15 synchronizing code generating circuit 14 controls the phase 
of the synchronizing, code generator using the phase control 
means such that every time a synchronizing code of one period 
is produced by the synchronizing code generator, the phase of 
the synchronizing code of one period is shifted digitally in 

20 a fixed direction by a predetermined phase width (e.g. 1/4 
chip or 1/2 chip), and outputs the synchronizing code 
produced by the synchronizing code generator to the 
correlation circuit 10 as the synchronizing code 102. 

When the synchronizing position signal 106 is 

25 outputted from the synchronizing position determining circuit 
12, the synchronizing code generating circuit 14 stops. the 
phase shift control to return the shift amount to zero and 
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controls the. phase of the synchronizing code generator based 
on the synchronizing position signal 106^ thereby to match 
the phase of the synchronizing code produced by the 
synchronizing code generator with the phase of the received 
5 signal 100. This prevents accumulation of the phase shift of 
the synchronizing code per sleep time. The range in which 
the phase of the synchronizing code 102 produced by the 
synchronizing code generator is shifted is set according to a 
window size represented by a window size signal 108 outputted 

10 from the window size determining circuit 16; 

The sleep time 110 and the moving speed 112 
representing the moving speed of the mobile station are 
inputted into the window size determining circuit 16. A 
value that is determined by the system employing the mobile 

15 station is inputted as the sleep time 110. On the other hand, 
the sleep time 110 may be inputted by selecting one .of three 
sleep times T, 2T and 3T (T represents a prescribed time) , 
for example. It is desirable that the moving speed of the 
mobile station measured by a speedometer is inputted as the 

20 moving speed 112. On the other hand, for the purpose of 
simplifying the structure, the moving speed 112 may be 
inputted by selecting one of three moving speeds V, 2V and 3V 
(V represents a prescribed speed) that is approximate to an 
expected moving speed. 

25 The window size determining circuit 16 determines 

the optimum window size based on the moving speed 112 of the . 
mobile station and the sleep time 110. Specifically, the 
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window size determining circuit 16 derives the product of the 
sleep time 110 and the moving speed 112 per period of the 
intermittent reception, thereby to calculate a moved distance 
of the mobile station during one sleep time. In this 
5 . embodiment, it is assumed that the mobile station moves on a 
straight line connecting between the base station and the 
mobile station or on a prolongation of that straight line, 
and thus the calculated moved distance corresponds to a 
change in distance between the base station and the mobile 

10 station during one sleep time. The window size determining 
circuit 16 is provided in advance with a table describing 
window sizes corresponding to moved distances, and selects a 
window size corresponding to a calculated moved distance so 
as to produce the window size signal 108 representing the 

15 selected window size. ' . 

The window size is set to a size that can securely 
capture the received signal 100, taking into account a change 
in phase of the received signal 100 caused by the fact that 
the mobile station moves during one sleep time to change a 

20 distance between the base station and the mobile station so 
that a time required for a signal transmitted from the base 
station to reach the mobile station changes . On the other 
hand, the window size may also be determined taking into 
account, in addition to the phase change of the received 

25 signal 100, an amount of the phase of the synchronizing code 
produced by the synchronizing code generator included in the 
synchronizing code generating circuit 14, that is shifted 
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during one sleep time based on an error of the synchronizing 
code generator. Further^ although the window size 
determining circuit 16 determines the window size per period 
of the intermittent reception in this embodiment, the window 
5 size may also be determined per a plurality of periods. 

An operation of the thus configured synchronizing 
position detecting circuit will be described assuming that . 
the sleep time 110 and the moving speed 112 are inputted into 
the window size determining circuit 16. The window size 

10 determining circuit 16 calculates a moved distance by 

multiplying the sleep time 110 by the moving .speed 112 per 
period of the intermittent reception, for example, selects a 
window size corresponding to the calculated moved distance 
from the table and outputs the window size signal 108 

15 representing the selected window size to the synchronizing 
code generating circuit 14. 

In the synchronizing code generating circuit 14, the 
synchronizing code generator repeatedly produces a 
synchronizing code whose code pattern is the same as that of 

20 the received signal 100 or a synchronizing code whose code 
pattern agrees with part of a code pattern of the received 
signal 100, and the phase control means controls the phase of 
the synchronizing code generator such that every time the 
synchronizing code generator produces a synchronizing code of 

25 one period, the phase control means shifts the phase of the 
synchronizing code of one period digitally in a fixed 
direction by a predetermined phase width. The synchronizing 



- 10 - 



F01ED0475 

code phase shifting range is limited according to the window 
size represented by the window size signal 108. The 
synchronizing code generating circuit 14 outputs the produced 
synchronizing code to the correlation circuit 10 as the 
5 synchronizing code 102. 

When the synchronizing code 102 is fed from the 
synchronizing code generating circuit 14, the correlation 
circuit 10 calculates a correlation function between the 
received signal 100 inputted from the exterior and the 

10 synchronizing code 102 and outputs the correlation value 104 
representing the calculated correlation function to the 
synchronizing position determining circuit 12. The 
synchronizing position determining circuit 12 determines a 
correlation value representing the maximum value among the 

15 correlation values 104 calculated by the correlation circuit 
10 and, assuming that the received signal 100 is detected 
when the maximum correlation value is obtained, outputs the 
synchronizing position signal 106 representing the detecting 
position (timing) of the received signal 100. When the 

20' synchronizing position signal 106 is outputted from the 
synchronizing position determining circuit 12 > the 
synchronizing code generating circuit 14 stops the phase 
shift control to return the shift amount to zero and controls 
the phase of the synchronizing code generator- based on the 

25 synchronizing position signal 106, thereby to match the phase 
of the synchronizing code with the phase of the received 
signal 100. 
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As described above, according to the first 
embodiment, the size of the window for searching for the 
received signal 100 is determined taking into account the 
moved distance of the mobile station during the sleep time. 
Therefore, even if the mobile station moves during the sleep 
time, it is possible to capture the received signal ICQ 
securely and quickly without losing it. 

Fig. 2 is a structural diagram showing the second 
embodiment of the synchronizing position detecting circuit 
according to the present invention. In the first embodiment, 
it is assumed that the mobile station moves on a straight 
line connecting between the base station and the mobile 
station or on a prolongation of that straight line. On the 
other hand, the second embodiment is applicable to a case 
where the mobile station moves in any directions relative to 
the base station. In the synchronizing position detecting 
circuit according to the second embodiment, a moved distance 
estimating circuit 18 is newly connected to the window size 
determining circuit 16 in the synchronizing position 
detecting circuit shown in Fig. 1. In Fig. 2, the same 
reference symbols are assigned to components that are the 
same as those in Fig. 1. 

Inasmuch as a correlation circuit 10, a 
synchronizing position determining circuit 12, a 
synchronizing code generating circuit 14 and a window size 
determining circuit 16 shown in Fig. 2 are the same as those 
circuits assigned the same reference symbols in Fig. 1, 
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respectively/ explanation thereof is omitted. However, the 
window size determining circuit 16 in this embodiment is 
given an estimated moved distance 114 from the moved distance 
estimating circuit 18, and thus does not have the function of 
5 calculating the moved distance by multiplying the sleep time 
by the moving speed. 

< 

Into the moved distance estimating circuit 18 are 
inputted a sleep time 110 via a keyboard (not shown) or the 
like, and position information 116 representing a position of 

10 the base station and position information 118 representing a 
position of the mobile station via an interface (not shown) 
that are obtained by a position measuring apparatus (e.g. car 
navigation system) utilizing a GPS (Global Positioning 
System), or the' like. It is assumed that the position of the 

15 mobile station represented by the position information 118 is 
updated at a speed fully faster than the period of the 
intermittent reception in this embodiment . 

The moved distance estimating circuit 18 calculates, 
based on the position information 116 and 118, a straight 

20 line distance between the base station and the mobile station 
before the start of the sleep time and a straight line 
distance between the base station and the mobile station 
after the termination of the sleep time, thereby to calculate 
a change in straight line distance between the base station 

25 and the mobile station during the sleep time. In this case, 
the moving direction of the mobile station is not concerned. 
For example, as shown in Fig. 3, when a mobile station B 
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communicating with a base station A set up in a position PI - 
moves from a position P2 to a position P3 in a locus 
represented by Q during one sleep time, the moved distance 
estimating circuit 18 acquires the position P2 of the mobile 
5 station B upon the start of the sleep time and the position 
P3 of the mobile station B upon the termination of the sleep 
time, respectively, from the inputted position information 
118. It may also be arranged that the position of the mobile 
station be acquired per a plurality of sleep times. 

10 When the positions P2 and P3 of the mobile station B 

are acquired, the moved distance estimating circuit 18 
calculates a straight line distance LI between the position 
PI of the base station A and the. position -P2 of the mobile 
station B upon the start of the sleep time, and a straight 

15 line distance L2 between the position PI of the base station 
A and the position P2 of the mobile station B upon the 
termination of the sleep time, thereby. to calculate a change 
X (x=Ll-L2) in straight line distance between the base 
station A and the mobile station B that is caused by movement 

20 of the mobile station B from the position P2 to the position 
P3 during the sleep time. Then, the moved distance 
estimating circuit 18 outputs the calculated value x to the 
window size determining circuit 16 as the estimated moved 
distance 114. The estimated moved distance 114 corresponds 
. 25 to the moved distance in the first embodiment as the product 
of the sleep time 110 and the moving speed 112 shown in Fig. 
1. 
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When the estimated moved distance 114 is fed from 
the moved distance estimating circuit 18, the window size 
determining circuit 16, like the window size determining 
circuit -16 in Fig. 1, determines the window size based on the 
5 estimated moved distance 114 or based on the estimated moved 
distance 114 and the sleep time 110. Operations of the 
correlation circuit 10, the synchronizing position 
determining circuit 12 and the synchronizing code generating 
circuit 14 are the same as those of the circuits assigned the 

10 same reference symbols in Fig. 1, wherein the synchronizing 
code 102 is outputted from the synchronizing code generating 
circuit -14, the correlation value 104 is outputted from the 
correlation circuit 10, and the synchronizing position signal 
106 is outputted from the synchronizing position determining 

15 circuit 12. 

As described above, according to the second 
embodiment, a change in straight line distance (estimated 
moved distance) between the base station and the mobile 
station caused by movement of the mobile station during the 

20 sleep time is calculated using the position information 

representing the moved position of the mobile station, and 
the size of the window for searching for the received signal 
100 is determined based on the estimated moved distance. 
Therefore, it is possible to capture the received signal 100 

25 securely and quickly without losing it. Further, there is 
also an advantage in that the window size can be determined^ 
without taking into account the moving direction and speed of 
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the mobile station. 

As described above, according to the synchronizing 
position detecting circuit of the present invention, when the 
mobile station moves on a straight line connecting the base 
5 station, the size of the window for searching for the 

received signal is determined taking into account the moved 
distance of the motile station during the sleep time. 
Therefore, even if the. mobile station moves while it is in 
communication, the received signal can be captured securely 

10' and quickly. 

Further, by calculating a change in straight line 
distance (estimated moved distance) between the base station 
and the mobile station caused by movement of the mobile 
station during the sleep time based on the position 

15 information representing the positions of the base station 
and the mobile station and by determining the size of the 
window for searching for the received signal based on the 
estimated moved distance, the size of the window for 
searching for the received signal can -be determined 

20 irrespective of the moving locus of the mobile station. 
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